From a reanalysis of inelastic proton spectra at proton beam momenta between 6 and 30 GeV/c we extract the resonance parameters of the "scalar" P 11 The spectrum of baryon resonances is directly related to the dynamical structure of quantum chromodynamics, however, the origin of these resonances is so far not well understood. In particular, the lowest N* resonance, P 11 at a mass of about 1400 MeV Experimentally, the lowest P 11 resonance exhibits a rather complex structure, which shows up differently in several reactions: whereas in π-N phase shift analyses [8] this resonance is quite weak and has a large width in the order of 350 MeV, in α-p scattering 
The spectrum of baryon resonances is directly related to the dynamical structure of quantum chromodynamics, however, the origin of these resonances is so far not well understood. In particular, the lowest N* resonance, P 11 at a mass of about 1400 MeV (Roper resonance), has been discussed controversially in many different models, in the constituent quark model [1, 2] , the Skyrmion model [3] , bag models [4] , being of hybrid structure [5] , or generated by a strong σ-N coupling [6] . Recent calculations in lattice QCD [7] are not conclusive.
Experimentally, the lowest P 11 resonance exhibits a rather complex structure, which shows up differently in several reactions: whereas in π-N phase shift analyses [8] this resonance is quite weak and has a large width in the order of 350 MeV, in α-p scattering [9] a strong monopole excitation has been found in this mass region with a much smaller width of about 200 MeV. In electron scattering [10] this resonance has not been observed, and in γ-induced processes it is rather weak (see e.g. [11] ). In an attempt to understand the different results, a T-matrix description of α-p, π-N, and 1 γ-p has been performed [12] , which shows, that all data can be described consistently by assuming two structures in this resonance, a strong monopole excitation (Saturne resonance) interpreted as breathing mode of the nucleon, and a second wider structure at higher mass, which is described by second order ∆ excitation. Preliminary results from a more exclusive study of α-p → α ′ (p, π + ) x [13] support these conclusions.
To study further N* resonances we analysed proton scattering data [14, 15] Missing mass spectra of proton scattering at beam momenta between 9 and 20 GeV/c from ref. [15] are shown in fig. 1 together with resonance fits given by solid lines. In these fits only the resonance amplitudes were adjusted, using modified Breit-Wigner shapes, which were constrained to describe π-N phase shift amplitudes (see ref. [12, 17] ). Important is also a rather high multi-pion background, which is described by a threshold function in a form similar to that used in ref. [12] , together with a linear rise to larger masses:
with β = exp[ In fitting the spectra we used the ∆ 33 (1232), the known N* resonances D 13 (1520) and F 15 (1680), and strong excitation of a resonance at 1400 MeV [14, 15, 16] . In the former studies (see e.g. [14] ) it has been questionned, whether this resonance could be the Roper resonance P 11 (1440) observed in π-N, because this peak is not correctly at the position of this resonance (resonance positions were determined precisely in the spectrometer experiments [14, 15] ). Other possibilities have been discussed (e.g. special kinematic effects), which, however, are not very likely to explain the strongest resonance observed (which is more than a factor of two stronger than ∆(1232) excitation).
Remarkaby, this resonance corresponds in mass and width exactly to the Saturne resonance observed in α-p scattering [9] . Further, the cross section of this resonance is peaked strongly at small momentum transfers, characteristic of L=0 excitation (see below).
In the data at about 6 GeV/c we observe still a rather strong excitation of the ∆(1232), which decreases rapidly towards higher proton momenta. This is indicative of π-exchange, which allows also small excitation of the second structure of the Roper resonance (second order ∆ excitation, see [12] ). Indeed, in the spectrum at 6.2 GeV/c the P 11 peak is slightly shifted to higher mass. However, at higher beam momenta Pomeron-exchange is dominant and we expect mainly scalar excitations. Using all data up to 20 GeV/c we obtain a centroid mass of the P 11 resonance of 1400 ± 10 MeV with a width of 200 ± 20 MeV (this is better determined than from α-p, which has a strong form factor dependence). With these parameters we refitted the π-N data and obtained results quite similar to those in ref. [12] with an exceptionally large 2πN decay branch of the P 11 at 1400 MeV in the order of 70 %.
Information on the decay of the strong P 11 resonance can be deduced also from high energy experiments. A study of 4 prong events of the reaction pp → ppπ + π − has been made [18] at a beam momentum of 6.6 GeV/c. In the invariant π + π − mass spectrum (ref. [18] , fig. 7a ) a strong rise of the yield has been observed above the 2πN threshold (see fig. 2 ), which could be due to decay of the P 11 resonance. We calculated the π + π − mass spectrum corresponding to the resonances observed in fig. 1 . We found, that the resonance at 1400 MeV gives rise to a strong peak in the π + π − spectrum, whereas the resonances at higher mass are smeared out. The background has been calculated (lower solid line), using the form given in eq. (1) multiplied by the 2π phase space distribution. As given by the upper solid line in fig. 2 we obtain a good description of the spectrum. Indeed, the P 11 is the strongest resonance contribution, but the higher resonances D 13 (1520) and F 15 (1680) are needed also. The latter contributions are in the order of 40 % of that of the P 11 at 1400 MeV with a somewhat larger yield from the F 15 (1680). The D 13 (1520) and F 15 (1680) decay mainly into the 1πN channel [8] with a branching ratio of about 60 and 70 %, respectively. This is also apparent in the two prong events in the former proton scattering data [19] .
In order to estimate the 2π decay branch of the P 11 at 1400 MeV, we have to realize, that the spectrum in fig. 2 is integrated over momentum transfer. In the low momentum transfer spectra in fig. 1 the ratio of P 11 to F 15 cross sections is about 3; integrating over all momentum transfers up to about 1 (GeV/c) 2 we obtain about equal yields. From this we extract a 2πN branch of the P 11 of 75±20 %. This is consistent with the results in ref. [12] and those discussed above. Further, this supports former explanations of the 1400 MeV resonance (see ref. [14] ), being a highly inelastic resonance in π-N, which decays only weakly into the elastic channel.
In order to understand the large cross sections of the P 11 excitation we performed calculations within the framework of the Distorted Wave Born Approximation (DWBA) similar to those in ref. [17] , assuming soft Pomeron-exchange as the predominant part of the effective interaction. First, elastic scattering was fitted, which determines the parameters (strength and radius) of the optical potential. We obtained results, which represent an excellent extrapolation of the potential strengths and mean square radii deduced at lower energies (ref. [17] , fig. 6 and 7) . For a proton momentum of 15.1
GeV/c results are given in fig. 3 using volume integrals of the central real and imaginary potential I V and I W of 400 and 617 MeVfm 3 , respectively, and a nucleon mean square radius < r 2 > N of about 0.5 fm 2 .
With these potentials inelastic cross sections for resonance excitation were calculated in DWBA (see also the approach discussed in ref. [20] ). For Pomeron-exchange at higher energies absorption is dominant; therefore, for inelastic excitation of N*'s (coherent states of the whole nucleon) the transition amplitude [17] is reduced by the ratio of the strengths of real and imaginary potential. This yields a reduction of about 60 % at the energies in question. Further, for L=0 excitation the calculated t-dependence of the differential cross section was found to be sensitive to details of the transition density (or form factor). Using a form discussed in [17] the steep fall-off of the differential cross section as a function of momentum transfer for the resonance at 1400 MeV is well described (see fig. 3 ). Differently, for L=2 excitation of the F 15 (1680) the momentum transfer dependence is rather flat, also in agreement with the data. The absolute L=0 cross section for P 11 excitation at 1400 MeV is well described using the full energy weighted sum rule strength (see [17] ), in excellent agreement with the results of α-p scattering.
In conclusion, our analysis of proton scattering data confirms the evidence for a P 11
resonance at 1400 MeV with most remarkable properties: it is the strongest N* found so far, which covers a large fraction of the scalar energy weighted sum rule. Further, it decays preferentially into the 2πN channel. 
